A total of 1564 motorcyclists and 64 pillion passengers were identified. Of these, 93% (1521/1628) were male. The median age for males was 30.5 years and 36.7 years for females. There was a statistically significant difference in the number of patients who underwent skeletal stabilisation (49% vs 65%, P < 0.0001), the time from injury to skeletal stabilisation (7.33 hours vs 14.3 hours, P < 0.0001) and the proportion receiving soft-tissue coverage (26% vs 43%, P < 0.0001). There was no difference in the time from injury to soft-tissue coverage (62.3 hours vs 63.7 hours, P = 0.726). The number of patients taken directly to a major trauma centre (or its equivalent) increased between the two timeframes (12.5% vs, 41%, P < 0.001). CONCLUSIONS Since the 2009 BOAST 4 revision, there has been no difference in the time taken from injury to soft-tissue coverage but the time from injury to skeletal stabilisation is longer. There has also been an increase in patient movement to centres offering joint orthopaedic and plastic care.
Introduction
Reports from the National Audit Office, the Royal College of Surgeons of England, the British Orthopaedic Association (BOA) and the National Confidential Enquiry into Patient Outcome and Death have revealed that care and rehabilitation could be better in the UK. [1] [2] [3] To address this concern, regional trauma networks were introduced in 2012 with 22 major trauma centres (MTCs) established to centralise the care of major trauma, with the most severely injured receiving the highest level of care in specialist centres. 4 Motorcyclists constitute 1% of all road users and account for 19% of all deaths. 5 This group of road users was selected as they most frequently sustain lower-limb injuries that tend not to be associated with death unless multiple injuries are sustained, most notably traumatic brain injury. 6 In the UK, helmets are the only form of mandatory personal protection.
An open lower-limb injury should meet the criteria of referral and transfer to a MTC according to prehospital triage that includes distance (< 45 minutes away), the presence of a crushed, degloved or an open fracture warranting joint orthopaedic and plastic surgery involvement. Where these criteria are not met, the patient is taken to the nearest trauma unit. If the patient still warrants referral to a MTC, they may require stabilisation (optimisation in intensive care and/or operative stabilisation with an external fixator) prior to transfer.
In 1991, the BOA and the British Association of Plastic Reconstructive and Aesthetic Surgeons (BAPRAS) proposed combined guidelines on the management of open fractures. These guidelines have undergone multiple revisions, the most recent in 2009, when they were rebranded as 'standards' in line with evidence-based practice: BOA/BAPRAS joint standards for the management of open fractures of the TRAUMA AND ORTHOPAEDIC SURGERY lower limb (BOAST 4). [7] [8] The most significant change was the elimination of the six-hour rule that stated 'all open high energy tibial fractures should be classified as a surgical emergency and the first orthopaedic procedure should be undertaken within 6 hours of injury'. 7 Instead, the aim is for surgery to be performed by the most appropriate specialists (senior orthopaedic and plastic surgeons; standards 6 and 11), in the most appropriate place (centres providing joint orthoplastics care or at a specialist centre; standard 9) and at an appropriate time (on a scheduled trauma list; standard 11), unless specific criteria are met which warrant immediate surgery. 9 These criteria include the presence of vascular injury, compartment syndrome, severe contamination and multiple injuries (standards 3,4 and 5). 9 The Trauma Audit and Research Network (TARN) was established in 1989 as a nonprofit organisation funded by participation fees. Hospitals in England, Wales and Northern Ireland were initially invited to submit their data for analysis. Since 2013, all trauma receiving hospitals in England and Wales have submitted data. At the time of this study, TARN contained the largest European trauma registry, with data collected on 475,000 injured patients. Data obtained comprise a vital audit tool for feedback and, thereby, a means of improving patient care and guiding future service delivery. Since the implementation of the trauma network, TARN identified a 30% increased rate of risk-adjusted survival; that is, the equivalent of 600 more patients are surviving trauma. 10 The aims of this study were to identify population demographics of adult motorcyclists and pillion passengers with isolated open lower-limb fractures, to determine the impact of BOAST 4: time to skeletal stabilisation and soft tissue coverage (standard 13: 'Definitive skeletal stabilisation and wound cover are achieved within 72 hours and should not exceed 7 days') and to observe the combined impact of BOAST 4 and the trauma network on patient movement to trauma centres. There is a deliberate discrepancy in the length of the two timeframes, which differ by two years. This is to allow for uptake of the revised guidance (2009) and to facilitate analysis of patient movement in the context of the trauma network.
The TARN definition of an open fracture is: 'where there is lack of continuity/breach in skin overlying a fracture; also called compound'. 11 Patients were identified in the TARN database using the abbreviated injury scale (AIS) codes assigned to them, which identify open lower-limb fractures and, from that, the injury severity score (ISS) was determined. Data collected included age, sex, whether they were the rider or pillion passenger, mechanism of injury, behaviour (the presence of alcohol, drugs, if a helmet was worn), ISS, 30-day mortality, time from injury to skeletal stabilisation, time from injury to soft-tissue coverage and patient movement. Patient movement refers to whether patients were taken to a MTC or trauma unit (in the earlier, 2007-2009 pre-trauma network period, the hospital was deemed to be equivalent to a MTC according to today's categorisation). Statistical analysis was conducted using a chi-squared test to compare the two timeframes for categorical variables. Where the distribution was not found to follow a normal distribution, a Mann-Whitney U test was conducted. All patients with a previous matched submission were excluded, so that there was only one submission per patient and no duplication in patient numbers. Only patients with a final outcome (dead or alive) at discharge were included.
Results
There were 1564 motorcyclists and 64 pillion passengers identified from the TARN database of 475,000 patients ( Fig  1) . Of these, 93% (1521/1628) were male (mean age 33.8 years); 7% (107/1628) were female (mean age 35.4 years). Males constituted 95% (1491/1564) of motorcyclists and 47% (30/64) of pillion passengers. The gender difference between motorcyclists and pillion passengers was found to be statistically significant (P < 0.001). There was no statistically significant difference in gender distribution between the two timeframes.
A blunt mechanism of injury predominated, with a statistically significant increase in the latter period (92% vs 97%, P < 0.001). There was no significant difference in associated alcohol or drug use in either period (P > 0.05). Helmet usage did not vary at 8% compared with 6% (27/356 vs 73/1156, P > 0.05). Mean ISS (14.01 vs 14.23) and 30-day mortality (3.4% vs 2.2%) remained unchanged (P > 0.05).
Time to skeletal stabilisation
The number of patients requiring skeletal stabilisation was 215/439 (49%) in the earlier timeframe and 774/1189 (65%) in the later group. This increase was highly statistically significant (P < 0.0001). The median time from injury to skeletal stabilisation for 2007-2009 was 7 .33 hours (range 2 hours to 119 days, interquartile range, IQR, 15.1 hours) and for 2010-2014 median time was 14.3 hours (range 0.42 hours to 35 days, IQR 18.8 hours). A Mann-Whitney U test comparing time taken from injury to stabilisation between the two timeframes confirmed a highly statistically significant difference (U = 69197.500, asymptotic two-tailed P = 0.000). There was a demonstrable increase in the time from injury to skeletal stabilisation between the two timeframes.
Time to soft-tissue coverage
The number of patients requiring soft tissue coverage was 113/439 (26%) in the earlier timeframe and 508/1189(43%) in the later one. This increase in coverage was found to be statistically significant (P < 0.0001). In 2007-2009, the median time from injury to soft tissue coverage was 62.3 hours (range 2 hours to 119 days, IQR 95.6 hours) and for 2010-2014 was 63.7 hours (range 1.65 hours to 35 days, IQR 107 hours). When time from injury to soft-tissue coverage was compared, there was no statistically significant difference (62.3 hours vs 63.7 hours, P = 0.726). A Mann-Whitney U test comparing time taken from injury to soft tissue coverage between the two timeframes confirmed no statistically significant difference between the groups (U = 16631.5, asymptotic two-tailed P = 0.726). There was a reduction in the number of patients who had skeletal stabilisation and later went on to soft-tissue coverage (215 vs 113 and 774 vs 439). The results are summarised in Table 1 .
Patient movement
In the overall group, 54% (873/1628) were taken to a MTC in the first instance: 204/1628 (12.5%) were taken to a MTC in 2007-2009 and 669/1628 (41%) in 2010-2014. This increase was found to be a highly statistically significant (P < 0.001). A breakdown of patient movement during the timeframes is summarised in Table 2 .
Discussion
In common with other studies, we have shown support for an orthoplastics service following the introduction of the trauma network. [12] [13] [14] [15] [16] [17] [18] [19] Plastic surgical involvement is an integral factor in major trauma service planning and provision from postgraduate training to the provision of joint orthoplastics operating lists. in time from fixation to soft-tissue coverage (P = 0.003) and from injury to soft-tissue coverage (P = 0.051). 16 In this study, the increased workload was paralleled by the increase in the number of consultant appointments in plastic surgery, participating in the trauma rota and providing a free flap service. One trust identified the increase in plastic surgical workload to be as high as seven times since the trauma network was introduced. 18 There is no directly comparative data with our study as this is a highly selective group with specific inclusion criteria. Unlike other published studies, our study is a longitudinal analysis conducted over a sevenyear period examining motorcyclists and pillion passengers with isolated open lower-limb fracture from 148 trauma receiving units in England.
There were 1,354,400 licensed motorcycles, scooters and mopeds in the UK in 2014. 20 To calculate the population rate or risk of a motorcycle crash injury is not straightforward owing to the inclusion criteria: 175,000 patients were identified from within the TARN database of 475,000 patients (Fig 1) . Of these, 1628 patients were included in this study who met our inclusion criteria and had a known outcome at discharge from hospital. It can be criticised that seven years is not long enough to monitor change, particularly as data collection was poor in the first timeframe. In 2014, all trauma receiving trusts in England were under mandate by the government to submit data to TARN. This was not the case throughout the duration of the study period and, therefore, we must interpret the data with caution as they are not a complete reflection of all injured motorcyclists and pillion passengers in England from 2007 to 2014. Neither does the data reflect an upsurge or epidemic in motorcycle accidents when comparing numbers of injured riders and pillion passengers between 2007-2009 (439) with numbers in 2010-2014 (1189). Furthermore, since 2013 TARN has provided hospitals with an additional data collection tool specifically for patients with BOAST 4 injuries, which has improved data capture for this patient group. The trauma network was designed to ensure that patients with significant injuries are taken promptly to a MTC where there are specialist services available to treat these patients optimally, with plastics and neurosurgical support. This decision is often made in the prehospital setting using a triage tool based on physiological findings and suspected injury patterns. It is designed to identify, from limited prehospital information, patients with an ISS greater than 15. Prior to the trauma network, it had been predicted that a trauma divert policy might result in problems for regional ambulance services in the UK with an 'over-triage' of patients by prehospital personnel resulting in a longer journey to a MTC when a closer trauma unit might suffice. 21 Appropriate resources and training may help to avoid such situations, which echoes findings of international studies that quote the positive predictive value of prehospital triage systems being between 19-25%. [21] [22] [23] The London Ambulance Service is integrated as part of the trauma network and uses major trauma triage. This is not the case for satellite hospitals who feed into the MTCs. Their ambulance transfer protocols also relate to major trauma and not to open fractures. It is therefore not known as to whether open fractures were placed on an automatic divert. It would have been interesting to further investigate patients transferred to MTCs and whether their outcomes were any better than those treated at their nearest centres (before and after 1 April 2012). The available TARN dataset did not permit analysis of the prehospital decision making so we were unable to identify whether an over-or underestimation of the severity of injuries had occurred. In any case, an open fracture is eligible for MTC transfer regardless of ISS (mean ISS 14.01 in the earlier timeframe vs 14.23 in the later one) provided that the transfer is within the current 45-minute isochrone. Since this study was conducted, the 2016 National Institute for Health and Care Excellence major trauma guidelines have stated that open long-bone fractures should be taken 'directly to a major trauma centre or specialist centre that can provide orthoplastic care'. 24 
Conclusions
Our study has shown that males in their 30s who are motorcyclists (rather than pillion passengers), tend to suffer isolated open lower-limb fractures. Since BOAST 4 was revised in 2009, we have demonstrated that the time from injury to skeletal stabilisation is longer, suggesting that a more timely, staged approach has been adopted. There was no difference demonstrated in the time from injury to soft-tissue coverage. The shortfall in the number of patients who had skeletal stabilisation and who later underwent soft-tissue coverage may be the benefit of coordinated orthoplastics surgery. ISS and the 30-day mortality of this population was stable. We have also demonstrated an increase in patient movement to Figure 1 Motorcyclists and pillion passengers identified from the TARN database of 475,000 patients
